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ABSTRACT

Neutrino-electron clastic scattering was observed at LAMPF with a 15-ton
fine-grained tracking calorimeter exposed to electron-neutrinos from muon de-
cay at rest. The measured 1,¢" + v.e elastic scattering cross section, 10.0 t
1.5(stat) t 0.9(syst) x 10 ®¥cm? x (E,{MeV)), give. a model independent wea-
surement of the strength of the destructive interference between the charged and
neutral currents, / —~ - 1.07  0.21, that agrees well with the standard model (SM)
prediction / 1 08. The agreement hetween the measured electroweak pavam-
eters and SM expectations 15 used to place limits on neutrino properties, such as
neutrino flavor-changing neutral currents and neutrino electromagnetic moments,
and on the masses of hypothetical new bosons that would interact with leptony.

INTRODUCTION

Neutrino-electron scattering 15 a siunple and fundamental process with great
sensit,vity to aspects of the standard model (SM), including dynamic properties
of the weak interaction, such ax the weak mixing angle sin? 8y and the ter
farence between charged  and neutral current amplitudes, and static properties
of the nentrino, such as electromagnetic moments and neutrino decay. It as a
purely weak, purely leptonie two body reaction which makex both the theoretical
cross-section calenlations and the expenmental signatures straghtforward. The
history of the field starts with a 1932 paper by Cardson and Oppenheuner ' on the



scattering of a neutrino .. carrying a magnetic moment .. " A search for such
an effect (the first of many upper limits connected with neutrinos!) was made 1n
1935 by Nahmias *: attempts to dotect v, scattering continued. leading to the
possihle observation in 1977 of Z.¢ ~ scattering °.

The present program has suceeded * in measuring the absolute cross section for
1.e elastic scattering and the interference term [ between 135 and Z° exchanuge
as tests of the SM, and has set new limits on several neutrino properties that are
not contained in the minimal SM. The elastic scattering of electron neutrinos by
electrons, v.e™ — v.e”,occurs through the exchange of both W* and Z° bosons as
shown by the Feynman diagrams in Fig. 1. Therefore, the cross-section is sensitive
to the interference (/) of the weak neutral-current (NC') and weak charged-current
(CC) amplitudes °. Precise measurements of sin® fyy now probe the SM at the level
of radiative corrections; however.the NC'/('(" interference present in vee - ver
revresents a tree-level prediction that had not been confronted before the present
experiment.

Ve 0" e- Ve
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Fig. 1. Feynman diagram for v, +¢ - 1, + ¢ showing the weak charged and
neutral current amplitudes.

The experiment described here, a collaboration (E225) between UC [rvine,
Los Alamos, Argonne and the University of Maryland, and Tel Aviv, utilized
the intense-flux of v, , v, , and v, uveutrinos avmlable at the LAMPF proton
beam stop A fine gramned, 15 ton, tracking detector was used to measure the
energy (resolution of 14 %) and track direction (resolution of 8°) of the reconl
electrons. The electron fron v,e seattening recolled along the neutrino direction
with an angle less than 16”, whereas backgrounds were essentially isotropic. The
vee signal 18 then apparent in the recol angular distribution as a pronotunced
jreak i the forward direction. The expenmmentally observed angular distribution,
and clear ve  peak, s shown an Fig 2

CROSS SECTION AND INTERFERENCE

The rate for v, e seattering is obtiuned by cubteacting the (v, + 1,)e events,
and yields an abrolute cross section, for . mean energy () 317 MeV, of
a(v,e VI, 01y 209 <10 ™ m® MeV  The interference term s mean

sured directly, and moa model mdependent manner, by the difference hetween



the measured elastic scattering total cross-section and the sum of the two “con-

I o gt gUC © 5NC where the conventional terms.

ventional’ contributions, o
¢ Cand oV, have been measured in muon-decay and in v,: - p.e  scattering.
The experimental result1s / = -1.07 = 0.21. For sin® Ay = 0.23, the SM predicts
that [ = —1.08; the agreement between experiment and the SM is (dismayingly™

excellent.
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Fig. 2. The observed angular distribution of the beam-associated recoil electrons
Here. §,, is the angle between the incident neutrino and the reconstructed reconl
electron. The solid line indicates the fit to the Monte Carlo distributions for the
expected signal and backgrounds. T..e dotted linc indicates the total background.
while the dashed line indicates the neutrino induced background only.

NEUTRINO PROPERTIES
[t 15 the comparison of e measured 0 strength to that predicted by
the electroweak SM that places hnuts on non standard physies A Tsting ol
neutrino properties, and of the new results from LAMPF, are displayed 1 Ta
ble 1 A ueutrnino magnetie moment would be manifest ax an excess of elastu
seatterning events  From a fit to the expennental angular distnbution we find
11t dh(atat) t 29(syst) events above expectations from the mmumal SM T

cluding systematic and statistical uncertamties, the observed event it fod



Type “ Prqgf'_rj_y"_ o '\'alue_— New Limit
. Mass ~Y9el

Charge 0

Spin 12
My ST 10 " pgane <~ 1083 < 107 ppgaa,

r ? <23 x 107" em
l - fe 7 < 0.35
T omg, > 5 < 103 seciel
vy, Mass « 270 kel”

(harge {)

Spin 12
iy < 85 <0 W HBohe < T4 x 10 12 g,
! « L6 < 10 ' ¢m

I - fuu !

r.m,, > 011 sec; el > sec/eV

Table 1: Properties of v, and v, neutrinos. The present values and limits are
listed in the third colutin. New limits trom E225 are given in the final column.

possible magnetic moment scattering is N3 - 68 events at 90 ‘5 confidence

level; this translates to 90 % confidence limits on the neutrino magnetic moments
of wy, ~ 108 10 g and pry, ~ 7.4 x 10 Cpugyypn,. The upper hmit obtained
for for ju,., is consistent with that for s, from a reactor experiment, while the
bounds on g, are more restnctive than previous results.

In contrast with the magnetic dipole moment, the neutrino charge radius 1s not
gauge invariant, nevertheless, a weasureable neutrino charge radius form factor
can he defined for low ¢? laboratory interactions as an additive voreection to the
effective weak neutral-current vector coupling, gy . A non zero charge radius shaifts
av fromats uncorrected value to gy ; v2(sin? By 1 8) where sin? B s the weak
mixing angle measured in non neutnno iteractions and & (v2ra/3G ) (0%

280 « 10" YY) From the LAMPE experiment we find the radiative corree
tion to he 0170« 28 - 0260 This leads immediately to the 90% confidence
hts, 406 < 10 Pen? - e - 544 10 e Thus, the v, charge radius
woir e 0 10 " wath 90 % confidence, which represents a new upper bound
an the ditneasions of internal structure of the electron neatnino. T'hs result can
alsa be mterpreted directly as an upper hunt aganst A possible 1, anapole mo
ment  Although these limats represent the first laboratory linots on the size of

imternal st ture of the electron neatomn, the experonental precision on gy must



_Coupling—— Charge  Mass Lt
T Neutral 105G V
S.P Neutra)l 17Gel
Higgs (S) (‘harged S7TGel”

Left-handed (V.A)  Neutral [19Gel”
) (‘harged  240(el”

Table 2: Limits on new gauge boson masses for S.P,T.V and A couplngs.

be improved by more than an order of magnitude to be sensitive to the expected
SM radiative correctiors. and so to provide a definitive test of the SM radiative
correction scheme.

Consideration of weak neutral currents has been central to the development
of the SM of electro-weak interactions. Much of the formal structure of the SM
derives from the necessity to ebminate flavor-changing neutral currents (FONCY)
at the tree-level since such currents have not been observed experimentally The
interference effect in v,e  scattenng requires the outgoing neutnno to be the
same type, i.e. v,. as the incoming neutrino; thus vee is sensitive to FONC's. A
convenient way to search for such a phenomena would be to compare the measured
value of the weak mixing angle from v,e  scattering, fw, with that extracted
from non-neutrino processes. A framework in which to discuss FCNC in reutnino-
lepton currents begins with the introduction by Okun’ of purely phenomenological
couplings fee, fen, and f., where 1 Lot fi v fl and the SM is recovered
by setting f,, fer 0. If we label the weak-muxing angle extracted from
ver  clastic scattening as 8y, and the weak-wixing angle derived from the W'
and 7" masses as Oy, we have I f,, (stn?0w s’ Ow)il 1 S(sinPly
s 0w )il 2sn?0w) ' Exphiat nats from this experiment give the mean
value £, 0,93, and the 90% confidence hmit for an off-diagonal, Havor-changing
couphng, as | fee -+ 035 Alternatively, through use of the normalization
relation, we have a it on the total strength of Havor-changing transitions of
f2,0 12 < 008 (90% €°1L)

NEW HBOSONS

Fioally, we can place lnnts on the cross section for exchange of sealar, vector ar
tensor bosons which are notincluded i the SM The observed ve elastic seatter
g rate, 295 135, s to be compared to the SM prediction of 284 126 Therefore, at
90 % confidence level, anomalous (hevord the SM) interactions ¢ atnbute fewer
than 8 events Schematically, the strength of any new mternc on (Ae), after
accounting for sxpenmentasl detection ethoiency o, for the prop ssed differential

. i
crose sections, must be small cnough to tdl within the bound Xo o 7aM0 T80y



with esv = 0.164 and o5y = 2.20 g4. If terms proportional to m, E, are ig-
nored. then the differential ¢ ross section for any interaction composed ot the sum
of S.P. T.V. A components can be expres.>d as do dy x A~ B(1 -y) - C'(1 -~y)*
and the total cross section is simply ¢ = (4~ B 2 - ("'3)oy. We can extract
general limits on the mass/couplings ratios for scalar and tensor interactions. as
listed in Table 2.

As an example, for the case of a pureiy spin-2 T interaction (5 = P = 0),
we find that T = 2(pr Mw)/(gMz) < 0.379 . If the tensor boson couples with
same strength as the weak charged-current (nr = ¢). this imit would imply that
the neutral tensor boson must be hravier than Mt > 1.15 Mz = 105 GeV. In
general, limits obtained here on the mass of hypothetical bosons are similiar to
limits obtained by direct searches for such bosons in collider experiments. How-
ever. limiis from neutrino-electron scattering would be important for ruling out
particular extensions of the SM which involve bosons that couple mainly, or only.
to leptons, or weak interactions that only couple fermions within the same weak
isodoublet.
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